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SWHARY 

The flight Bodele of Che Active Rediatlon Detector (Aiffi) for Che 
ENV-OJ. envlroimentAl Monitor were calibrated using y-radlation. Measured 
Rensltlvitles of the ton chafers were: 

A^ S/N 1: 6.1 ± 0.3 u rad per count 

ARD S/M 2: 10.4 ± 0.5 u rad per count. 

Both wre linear over the measured range 0.10 to 500 m rad hour”^. The 
particle counters (proportional counters) were set to respond to 
approximately 85% of minimum Ionizing particles of unit charge passing 
through thM, These counters were also calibrated in the yfisld. 


This instrument is being developed for the VFI program by the Space 
Science Laboratory of NASA, MSEC for flight on Space lab 1. A full 
description of the instrument is not given here. 
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ION CiUtttBER POSIMITEKS 

The tissue-equivalent ion chasher dostneters (IC's) are designed to 
nake differential neasureaent of absorbed dose in a nixed radiation field 
typical of Spacelab orbits. Each doslneter consists of a gas-filled ion 
chanber* electnxaeter sensor, and pulse generator. When each preset unit 
of radiation (seasured in tlssue-rads) is aectsMilated, a pulse is sent to 
advance an internal register and reset the electr<meter Integrator. Preset 
dose units are in the range of 5 to 10 p rads per pulse and expected count 
rates in orbit vary from a low value of a few counts per hour to a few 
counts per second in the South Atlantic anomaly. 

The calibration procedure is designed to i^asure the sensitivity of 
the instnn^nt in p rads per count, and to check the linearity of the 
system over the expected dose rate range of up to several hundred p rads 
per hour. 

A view of the ion chandler assembly is shown in Figure 1. 


* 


TEIC I/El , Digital Data Dosimetry, Tulsa, Oklahoma. 
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CALIBRATtCm 
Dea» Calculfttleti 
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lAere p/p Is the energy trsnsfer coefficient (for tables* see Hubbell and 
Berger* 1965)* and 

_2 

F * the energy flua in ergs cn * 

,10 


3»7 X 10^° X source strength In Cl a Ey a 1.6 x 10~*^ er^ c«~^ 


( 2 ) 


4frr* 


iHiere is the proton energy in eV 
and r Is the source-absorber separation in c«. 

Measured aud calculated dose rates of interest are shoim in Table 1* 


TABLE 1 


So^ dose rates of interest; 

Typical sea level background in US; 
10 y Ci Cs-137 f 30 cm; 

10 y Cl Cs-137 i 5 cm; 

100 m Cl Cs-137 § 50 ca; 

South Atlantic anomaly peak: 


''' 10 y rad hour”^ 
37 y rad hour”^ 
1.3 a rad hour'' 
130 a rad hour” 
''' 100 a rad hour” 
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Exp#gji»iital Arrange^ftt 

The setup used In shmm lit Figure 2. Both souree and detector are at 
a fixed distance ('v* 1 n) frM the floor. The source position was unchanged 
but the detector and shield vmte on a movable trolley. The source used ms 
a noeinal 100 m Gi of Cs>137 (Hev England Hue lear HER 401 R, serial nmber 
CS-315) of actual activity 93.8 i 5 n Cl on i^^st 8, 1975. At the tlM of 
this calibration* its activity was 79.2 m Cl. 

The AID was placed in the y-field so that the IC and both PC's were 
equidistant* d mters* fros the source. The nwri»er of counts per unit tim 
for each detector was recorded. For the PC's the nean of 17 oMasuremBta 
of counts per second was taken in each case. For Che ion chmdaer* tl^ 
counting interval was varied depending on the count rate so that the 
uncertainty in counting was less than 3%. At count rate > 50 per 100 s a 
counting period of 100 s is adequate. Ac lower count races longer interval 
were used* and at very low rates of a few per 100 s or less, the 
masuremnt was aade of the intervals between actual counts. This is 
conveniently done with the GSE since the count register of the AK) is read 
out and displayed every second by the GSE, 

These results for the ion chaabers are shmm in Figure 3 and 4 for 
ARDS *8 1 and 2 respectively. Plots of PC count rate versus dose rate are 
shown in Figures 5* 6 and 7. 

Froa this data and equation (2) the sensitivities of the ICs were 
deterained to be: 

ARD Ho, 1 6.1 t 0,3 u rads (ct)”^ 

ARD Ho. 2 10,4 t 0.5 ii rads (ct)"^ 

The IC's are seen to be linear over the range 300 W rads hour"^ to 100 
a rads hour'^ are probably linear up to an order of magnitude higher in 
dose rate, 

PROPORTIOHitf, COOHTER RATE MKERS (PC'S) 

These counters are xenon-filled stainless steel cylinders with 
aluainua liners (Rcuter-Stroles #RS-P3-0803-287), Shown in Figure 8* they 
are 4 inch Icmg and 1 inch in diSMter. There are tm ?C*» in each ARD* 
one being covered with a copper sleeve 1,27 wm thick for partial 
diacriaination batmen protons and soft electrons. 
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Any charftd particle Intersecting a PC or any phot^ interacting 
irlthin a K tdll advance the rateiMter for that cottnter» previdad 
sufficient energy is deposited in the comter to exceed the preset 
threshold discriminator* For a given radiation field the count rate varies 
with the systM gain and noise and with the diacrininator level* nis 
level was set above syataa noise but low enough to be exceeded by most 
alnimta Ionising singly-charged particles. 

Energy Loss Calculation and Discriatnator Level Justification 

Mean imitation loss for relativistic z ■ 1 particle In Xe ■ 7*5 keV 

-1 

ca . 

Mean imitation loss across a disMter of the PC " 19*5 keV. 

With discrialnators set at 8*9 kaV, > 90X of all particle trajactorlea 
intersecting the PC will exceed this level. Since s<^ particles deposit 
leas than the aean» an overall efficiency of 851 la astiaatad for 
relativistic particles. Efficiency is greater for slower particles of 
sufficient energy* 

Consistency of PC Backgrcmnd Count rate with Other Measurewnts 

An experimntal i^asursa^nt of the fast tnm fliuc at Hmtayllle using 
the comIc ray Instrusmnt gave approx^tely 0.012 (ca^ ar}~^ . 

For the effective area of these PC's of 18 ca‘ we should expect a fast maon 
rate of about 0.4 s~^ * Actual ^aaurad bacl^rtHind cmnt rates with the 
ASD PC's were in the renge 0.6 to 1*5 a ^ . Since this includes all 
background radlatlm» the AC aeasurement la In agreeMnt with prediction* 
The emrgy deposit callbratlm of the PCs waa aada using low energy 
photm aoureea of 5*9 keV (Fe-55) and 14.4 keV (Co-57). The axcallent 
reaoltttlm and noise figure of these counters la ahmn In Figure 9* 

Count rates of the PC's in a callhratad y-flald were recorded during 
the calibration of the ton ch^>ars by the shadow-shield Mtlujd described 
bel<nf* Plots of count rate versus dose as aaasurad by the im chairi>ars are 
shown in Floras 5, 6 and 7. 

The prt^rtional counters are not gulte limar with doav rate as shown 
in the figures* In the event of IC failuret howver* they will give a 
reaamabla ast^Uate of dose rata. The praaance on PC 1^* 2 of the 1.27 im 
thick copper ahleld did net affect the counting rate greatly ci^»arad to PC 
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No. i for 0.66 MeV y-raya. It will, hewavar, affect the count rate for lew 
energy electrons. 

Transfer Calibration and Check Source 

During the period between calibration and flight, (approxlMtely one 
year), checks rasat be sade of the Ion chM^er (a) to see If It la 
operating and (b) to check the constancy of the senaltlvlty (u rads 
«->). 

This is effected with a so^ll source placed on a narked spot on tlw 
alunlntni case of the ARD. The source strength Is 10 p Cl end the effective 
separation of source and detector is 5 cn. The dose rate la 1.3 n rad 
hour'^t approxiiMtely two orders of magnitude above leboretory beekgr<»md 
and two ordars bel^ orbital naxlwn rate <see Table '). Baseline data 
using the transfer calibration source and background Masuremnte are given 
for ^D*a No. 1 and 2 in Tables 2 and 3 respectively. 


^ POOR OUALriY 

TABLE 2 


TRANSFER CAT. T BRAT ION /CHECK SOURCE MEASURIWENTS 

ARD No. I 

I 

Source oti IC Spot 


DATE 

PC 1 

PC 2 

IC 

<1982-1983) 

counta/sec (nean of 17 

tl»e for 


neaaureMnte) 


1 count (sec) 

Decertier 29 

7.7 

19.4 

16.5 

29 

8.1 

20.2 

16.0 

30 

9.2 

19.4 

16.2 

30 

9.4 

17.6 

15.8 

January 2 

8.9 

17.0 

16.1 

2 

7.6 

21.0 

16.2 

2 

7.8 

17.9 

15.9 

2 

8.5 

18.7 

16.1 

5 

(post shake) 9.0 

21.2 

14.7 

5 

8.8 

19.6 

14.7 

5 

10.2 

20.0 

14.9 


Source on FC Spot 
Decoder 29 108 

30 105 

Room Backgrwmd 

Dec«^er 29 1.53 1.12 1100 


107 

109 
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TABLE 3 

TBANSFER CALTBRATTmi/CHK^ SOURCE HRASORBiaiTS 

ARU No« 2 


Sourct on IC Spot 


PATE 

PC I 

PC 2 

IC 

(1982-1983) 

counts/soc (atton of 17 

tlM for 


fseasuronents) 


1 count (sec) 

Dtc«i^er 29 

7.7 

17.7 


29 

8.1 

17.3 

— — 

30 

8.8 

18.5 

- — 

30 

8.5 

18.7 

— 

30 

9.5 

17.5 


jAitttary 2 

8.0 

16.6 

— 

2 

8.1 

17.1 

— 

2 

8.1 

18.3 

— 

2 

7.3 

19.4 

— 

8 (reconatltuted 



post shako) 

9.5 

19.4 

26.5 


10.2 

17.6 

28.2 


8.6 

18.8 

28.3 


9.7 

19.8 

28.2 

Sourco on PC Soot 
Poeeol>er 29 

109 

104 



111 

100 

— 

January 8 

96 

114 

— 

Bacivround 
DocoiAcr 29 (in rod. 




foe.) 

0.7 

0.6 

1500 


0.9 

0.4 


J«iu«ry 8 (in SSL) 

2.2 

1.2 



OF POOR QUALliY 



FIGURE 1. ACTIVE RADIATION DETECTOR 
(PROTECTIVE COVER REMOVED) 
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FIG. 5 ARDNO. 1 


CORRELATION OF 1C WITH PC IN CS-137 FIELD 


PC1UNCORR. 

• PC2UNCORR. 

▲ PC 1 CORR FOR SCATTER 
9 PC 2 CORR FOR SCATTER 
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ARD PROPORTIONAL COUNTER ENERGY RESPONSE: 

RADIATION REUTER STOKES RSP 3-0803-287 

SERIAL NO.: W-523 
VOLTAGE: 2300V 



CHANNEL NO. (ENERGY) 




